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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve electromagnetic conversion characteristics and to 
obtain a good traveling property by specifying the average height and number of the fine 
projections formed on the surface to be formed with ferromagnetic metallic thin films on a 
nonmagnetic base consisting of an arom. polyamide film. 

SOLUTION: The arom. polyamide film is stretched to a thickness of 2.0 to 6.0 jim to form the 
nonmagnetic base, by which the base is provided with required strength and is made to be able 
to deal with longer-time recording. The fine projections of a height 5 to 5 nm are formed in a 
range of 102 to 104 ten thousand pieces/mm2 on the main surface to be deposited with the 
ferromagnetic metallic thin films. The number of the respective fine projections in the upper 25% 
of the load curve determined from the fine projection side is specified to a range of 102 to 5 X 
102 ten thousand pieces/mm2. The sectional areas of the respective fine projections are 
controlled by addition of insoluble particulates into the film or disposition of a high-polymer film 
contg. the fine particles, etc., in such a manner that the ratio of the total sum of these areas 
attains a range of 0.1 to 0.5% in contrast to the area of metallic thin film. As a result, the 
spacing loss is decreased, the electromagnetic conversion characteristics are improved and the 
friction characteristic of a tape in traveling is improved. 
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1^00 


ZT^ZifXi |7'JD 


A Aft 


1 v 1 fi5 

I x iu 


9ft 
ZU 


1 V 1ft 3 


Iftftft 

J Uvu 


13ftft 




A Afi 




9ft 
ZU 


1 X 1ft 3 


1000 


1300 


■^/JTB I7U 1 U 


a ak 


CYlfl 5 


9ft 

£U 


1 X 10 3 


1000 


1300 


^ftbftin 1 


u. uo 


1 v 1 n 5 

I A |U 


9ft 


1 X 1ft a 

1 A |V 




1300 






1 A |U 




1 y in 3 


Iftftft 

(UUU 


nftft 

1 OvU 


^fift#il13 

^fl* F J 1 ° 


0.06 


1 x 10 4 


20 


1 x10 3 


1300 


1600 


^Itfiitfllld 


M L 




50 1 


1x10* 


1000 


1300 




fcf l 




5 


1x10* 


1000 


1300 


tt«0!l2 


ML 




60 


1x10 2 


1000 


1300 


Jt*HM3 


0.06 


1x10* 




ML 


1000 


1300 




0.2 


5x10' 


20 


1 x10 3 


1000 


1300 ! 




0.06 


IxlO 4 


20 


1x10 3 


1800 


900 


ittoMe 


0.06 


1x10* 


20 


1x10 3 


900 


1800 




0.06 


1x10* 


20 


1x10 3 


1200 
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1A'X 


100/KX 




2x10" 3 


5X10" 3 


ML 


85 


3X10" 3 




1x1G~ 3 


6x10" 3 


ML 


85 


3X10" 3 




2x10" 3 


5X10" 3 


ML 


85 


3X10" 3 




3X10' 3 


5X10" 3 


ML 


85 


4x10" 3 


MKW 


1X10" 3 


5X10" 3 


MB w 


85 


3X10" 3 




2X10" 3 


2X10' 3 


ML 


85 


3X10" 3 


«»i«7 


2x10" 3 


3X10- 3 


ML 


85 


3X10" 3 




4X10" 3 


4x10" 3 


»L 


85 


6X10" 3 ! 




2x10" 3 


5x10" 3 


»L 


85 


3x10~ 3 


*SMS10 


2x10" 3 


6X10" 3 


ML 


85 


3x10" 3 


«KW1 


2x10" 3 


3X10" 3 


ML 


85 


3x10" 3 




5X10" 3 


6x10 3 


ML 


85 


5x10' 3 




1x10" 3 


1x10" 3 


fin 1 


90 


1X10 3 




5x10" 3 


7x10 3 


ML 


85 


6xl0" 3 


tb&#J1 


1x10" 3 


1x10" 2 




85 


2x10" 3 


£t&#J2 


5X10" 3 


1x10" 2 




85 


6X10" 3 


J±W«3 


2x10" 9 


2x10" 2 




85 


5X10~ 3 




8x10* 


5x10 ? 


ML 


85 


1X10' 3 I 


J±ttW5 


5X10- 8 


6X10"* 


ML 


70 


5X10" 3 


tfcttt»6 


2x10' 3 


2X10" 3 


ML 


90 


1X10' 2 




2x10" 3 


2X10" 2 


ML 


75 


1X10- 3 



[0 0 8 3] mfcw 2 ~ 4 , i4. tmm i ~ 2 ) m 
mm 2 ~ 4 , 14, uMM 1 ~ 2 (i, m^m^Mwm 

1 tmc< L, S53-^ftlKf-^$*4S i o.. meg 
[0 0 8 4] -tn-fttWKWtttS:* 1 -tw#ttSr* 50 



2 {cflWrT^f. 

[0085] mmm 5 ) ms^n 5 f±, s*t#j$^*te 

[0 0 8 6] (E) TU7^;^ (8 0mo 1%) -5 
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Na-^M^f V7^/l# (2 0mo 1%) —^\yV 
^' U 3-/l/M^*" !) i^r/l' (^16 5 0 0) 51 

*$# i o o mtUo 

[0 0 8 7] nhKtzD-t y hr-7©Wl^« 1 
(c:, *co#ft£Sl2(c{#*T^-f„ 

[0 0 8 8] (Jt«0« 3 ) fl^Tk L/c n-^ 5vUf n y K 
y(C0. 9mo lttCl : lSt52-^c/l--p-7x- 
L^y^Tiyi: 0. lmo 1 Jtl-tia-fS4, 4'—^ 10 

r.W^--0. 7molJtWISt5rW7^A^n7 

^^TTkSr/JPx.T'f^P^-y:. n — ^ ^/u fa ]) K> 
■f7:^»L-C*3^fc0. 06/imCSiOi £sXy-7— 
S <9 0 . 0 1 w t %aSJ0 L v !i75 Klffift* 

[ 0 0 8 9] ^CO^#R^° y T 5 K&ffi&XSffiFtf Lfc 
iIF7A±^3 0TC^-CSIU 12 0tOMI 20 

Mt^ 1 0 ttrmt'm u y t 5 k 7 ^ >vk t l 

Scigj^lft{C&j3 0^Pfl«»L&^ib. ft^TJffiliCl. 1 

f-Mfa b/Co £ f,tr<o7^^AJ:fy^- t^AL 

[0 0 9 0] -t L"C, ^<Z)*«ffi3t«ffls^, 1 t 

p]«(^ 3fi8H«fe&JSi$BI, *-#^(SSK, /<s>*S& 
^timML, 8mmi|iS(Cij|trLT7Jir-y 
KftU TJir-y hf-7^ffc 0 30 

[0 0 9 1 ] V F7-7(CittI^« 1 

[0 0 9 2] (HJte^J 6 — 10) HSiEtfiJ 6 ~ 1 0 ft, S 
*#fi£Srtkt55^ 3 t m C < U *J£^J 1 t PJ«^ *fi8 
KiftroSIi:, til 5 nmlSWS i 0 2 

[0 0 9 3] *ix-Pix«)«MtttSr* l C» *w#-l44r* 
2 ic#*-c*i-. 

[0 0 9 4] (HJfeffil 1 1-12) Hffifll 11-12 40 

**«)SSr*ft« 6 1 m c < u jsi* y T 5 K 

^tpl-^Pl-'S S i O2 cD*ufI£0. 0 3ium, 0. 
15(irai Lfc'bcrcTfoSo 

[0095] fnm©ftttffi^« 1 J t<D¥f&%$i 
2 (d#-t±-T^1- 0 

[0 0 9 6] (tktfcfll 4 ) JfctfcfliJ 4 ft, S*«)*^*Jfe 

« e t pi c< u v r $ K»«ttaaipr « s 

i 0 2 0. 2 Mint LfCbCDT'fcSo 

[0 0 9 7] ffl-?>tLfc*-fe y h-r- y^ttittffiSrS 1 
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[0098] mmw 1 3 ) nnm 1 3 s«t 

HJfeflaj 6 £ IrI t < U 7?fI*'!J75K7^^?rft^ 
<fo-5 0 

[0 0 9 9] #bixfc*-fey hx-7°w#it±{t^* 1 

2 KANtT^-To 
[0100] (JfcUEfll 5 - 7 ) Jt&ffl 5 - 7 {J, S«l 
fiJc£HJ£«6 £PJD< U %mm ] J pyjAsAO) 

~C<fo ^) 0 

[0101] %ft,?ti<DW£m&& 1 ^ 

[0102] (flffl) * 1 &t>*^ 2 , a«E 

ftttfttt. Hlfefcl 1 — 14 (DX. 0 ('s &ffitt&Jg?*Jlll^ 
M^ft6IIC 5 ~ 5 0 n m©a«^^ 1 0 ! -10 

■e§5„ rW^L, tfct!Effil2©J:5fc»jl(i^jB«>H* 
#5 0nm^M5i^ Jt«« 3 ©± 5 ^#»^ifi* 

[oio3] *fc s siso ! S2©gf^f>, mmzm 
mmt, mmm 6 - 1 3 <r> ± ? tc s 

feg^ 0 . 0 3-0. 15/i mtf^ffitfelS^Ms* $ 
tl, 3tftt±^M^t4IlW^B(- 1 0 3 - 1 0 5 I/mm 

#fb4r'><-f5 5. cti|c#L, Jt»« 1 ~ 
2 (7) ± 5 (d^P^I- J: 5 ^ta#sjF2j£ $ tt^ v ^Jr-g-, tt 
|{50ij4<z>J:5J'SSAPl"5Sc^-»*iS^O. i 5^0,1 

-e^r<7)^it^ % i o 3 IE/mm 2 J^TW^fKi, T— 

[0 10 4] *lM*2©g*A^, 
Slftli, 1 - 1 4 CD i 5 

^iRjro-W^* 1 0 0 0 k g/mm 2 <t ipSS'lS] 
©ty^lSOOkg/mm' tl± t -fZ> Z. t (C J; 
i) s Yb<D^Tc v ) WtSSrSi^t^ i><Dbi~Z>Z.b 

fJ|5l©WWl 00 0 kg/mm ! ^ItfeSt 

5_lfti$(D$ijj&}(D J r>y*'^tf 1 3 0 0 k g/mm 2 *S 

[0105] ftlc, «^IS»«ft: (USS^ 1 5 — 2 1 S. 
Vtti55ffi|8~l 3) ^litfML, ^<73x-7°#ttS. 

[0106] iWw^jEW** fcft 

^ft^»±Sl5 2 5%(Cioit2.?»^ficD|iict, ft?sffl 
a«±?P 2 5 %(C*3(t S«»SSjB©»ffi8l©*fil©»l'& 
S.t/A^*^W-hf|5 2 5%K:fcMt£»^jg 1 filS/c 9 
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[0107] -nh^mmmmi^mmmx^mmt 
[0108] • mm^&MZ 

mmm i ~ 1 4&u%rwj i ~ 7 ©t^ii«(i, d i 

gital Instruments #M<nJ%TffiJjM 
MM (AFM) :NanoScopeII (j§p°p£) £ 

X5/tmX5*im, if !) ^'tU 0 0 ^ h . * 

^ft>l^-h4. 3 4HzCO^#T'eiJ^* : ?T'/\ 

1 OfiroiSJ^Sr-tix^iW^U 1 Ofl^WtfSrjlta 10 

[0109] -MffiSfiMS 

njfefli i~i4 Ammm 1 ~ 7 <7>»&£ pme&, t&*n 

3?g<0ffiffctt\ jlS*fS«« (SEM) fctfl^TSUt 

l/c t w-efc <o , b ^m^Htaoa* ^*ti 3 k f 

E— SEM Ts— 9 0 0J (Spp^S) &ffl<^T, JBiSffi 
|£2 0kV, ^S^filitO^hU 1mm 2 

[0110] • H^rift^<Z)±sK2 5%kli8tt5^g(Pfi 
ft 20 
Digital Instruments ttKWlS^F^ 
tlMUM (AFM) :NanoScopeII ($|p B p 

V-flM" X 5 *i m X 5 At m, f-VT'y >^ft4 0 0 tK-Y V 
K ^^tVl/- M. 3 4H z(D^TT'iiJ^L/c 0 

[0111] • MmMMvLkMl 5%tcfetta^g?»r 

^gOfiftirlWIttU^ Digital Instrum 
e n t s ttfiOTJKf-flfl^KfRil (AFM) : N a n o S 

c o p e I I (igfq£) fcEi^T, #Nttt^«p*roas« 30 

tt£K*ll£*^:/1MX5 ^mX 5 ,um, 
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: [0112] • gMMMUMI 5%(cfe(t^^a ljg 

^^COmWltmmc^ Digital Instrum 
e n t s ttSWJJSl^lHWStWi (AFM) : N a n o S 
c o p e I I (ffifqifc) Srffl^T, #Bfrt4£ Jf f*W&fl£ 
ti&famWkZX**^?* X5 /zmX 5 jim. If^y 
>-^iC4 0 0*V^ K ^^tVI/- h- 4. 3 4Hz<D 

[0 1 13] • rrz^fijt 
«ftlE»8fl:©#ttff*H:. y~-«w££tt*i<0A I T 

h'7-f7SDX-S 3 0 0C (M&%) &&l&Lt-h<D 
SrJH^-CfTofc. E«kl±*B»»* 1 0 . 0 4m/f)\ ft 
MfE®Sfi 0 . 3 5 (i m "eft o fc 0 

[0 1 14] X - ^ fflfl^X - 12 , SffittW^Hl' 

fi^it»tTfl±4tx7-i/- K t LT*tt5 0 * 
r. T\ HJfi^I 15-21 X.tfJfctfc0!l 8-13 (Dm%M& 

7-U-F©fl±l 0-2aT*ff^t Lfc. 

[0 115] -SfiMS 

K£V (SUS, 0. IS) (C^LT, 

fiSS (2 5°C. 4 0%) T\ illlOg, 
mm/ s e c lD^#TtIS Lfc. 
#ft# 3 . OWT^t tfc 0 

[0116] (HJfiW 1 5 

m 8 ~ 1 3 ) 12, B&Bftttft: 1 ~ 1 4 RWt 

&M l ~ 7 ) £ IPI«>a:*jfet?f^» Ufc. 

[oi 17] iottftcwK# mmmi 5~2iw 

Jfcttfll 8-13) £>«rt£««r£ 3 fciS-f titC-twft 
t4^*4(c^i- 0 

[0118] 
[*3] 



1 0 OBi 
5 

1 0 0s<X'&<DBW. 
- 2 1 &U<Jt« 
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1.20X10 3 
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0.50X10 3 


**fcfcl17 
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0.12 


0.50x10 s 
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0.30 


0.90X10 3 


mmmn 
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1.00X10 3 




800 


40 


330 


0.35 


1.00X10 3 




2000 
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100 


0.05 


0.50X10 3 


ttttois 


550 


20 


90 


0.19 


2.10X10 3 


Jttt«l9 


600 


30 


400 


1.90 


5.10X10 2 




700 


20 


190 


0.40 


1.90X10 3 




900 


30 


250 


0.50 


2.00X10 3 


tt*HW12 


15000 


60 


600 


0.90 


1.50X10 3 


mm 


90 


3 


80 


0.10 


0.50X10 3 
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y □ ^ x — u — h 
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2 x 1 0" 3 
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0.26 


2 x 1 0 3 


ox iu 


i-±-i rrril -| 




n on 
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R y 1 0r 3 




0.24 


0.26 


2x10" 3 


6X10" 3 


^S£#i]21 


0.25 


0.28 


2x10' 3 


6x10" 3 




0.25 


0.35 


2X10" 3 


2X10" 2 




0.30 


0.34 


8x10" 3 


4X10" 2 




0.40 


0.42 


6x10" 2 


8x10" 2 


tt*M" 


0.32 


0.34 


4x10 3 


2x10" 2 


tt*«12 


0.32 


0.33 


8x1Q" z 


1x10" T 
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0.40 


0.42 


5X10" 3 


6x10" 2 
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[0 12 0] S3Mf4©8*A^, Ittttil 

l 5~2 l cd,]; 51-, *KttS»#:±rolWi^]BroKS 

^5~5 0 nm, gMmffrtf 1 Xio' ~1 X 1 o" 
fi/mm' ^fSHF^fc"?, JLofcffitt»tf>±|f|5 2 5 % 
t4S»t*Httll3ie©fiftA J l 0 2 ~5X l 0 2 7Jm/m 

fl^fe^P/^, KJpBroSatC^UT, 0. 1-0. 5% 
$tLT*J 9 , £ "b(-ft?tft$l<7?±^2 5 %iCfc 
lta«»??iElflSfc9©WffiaaSl. 5X10 3 nm 

[0121] ftfc, Ht&ftl 2 Ofi, ^BtttXltft:* 
[0 12 2] rmfLT, J±gH£]8J4, £ffiffti»<7>± 

SP2 5%\ctsi-tzwim%i&<Dfa&i i 1 o 2 ~5 x 1 o 2 

Ki*5»t*t*»i*ie 1 fiS/c ■> ©BrBflW* 1 . 5 x i o 3 
nm 2 Sr@x.T^-5fiO-C% IKtt&ie©Jl£R#fc 

* v ^ * ft # 4 jfefiW&tt * # -5 ^ t # T- # ft v ^ t 

[0 12 3] JttSE^9fi, AffifftH<0±gP2 5% 

*fLT0. 5 Attttlfta 
±g|5 2 5 %tc*5lt5WPa^e 1 fiSfc U ©BJfffiSI* 5 1 • 
5X10' nm 2 ^)Sx.TI/^WT\ Jttfcfll 8 t RUE 

B^ttfc» 5 C i ^ t? t ft v * i 4: *s*U o fc Q 
[0124] 4fc, tfcft^ 1 0 AT/JtKW 1 1 tt, Affif 

*fico±gp 2 5 %»c*>it i fist 9 owfffiai 



2S 



ibgc^ 8 R 



iU. 5X10 nm 

v > fc \c ft » ft jfeff »^tt *•# 5 r i: *s T # ft v ^ t ifi 
20 Wofc 0 

[0 12 5] *fc, tbge^ij 1 214, »t±5:lff*±cO« 
m%&<nm&&5 0 nm^gi, »P1X10' 

?ift«Oiii s 5X10 ! Ji/mm' Srg^l, ft 

^Iffl^WJF^^ftfcb^^-fc 1 ?, Sttffiflti6^# 
30 ^fcftlcA»/j:3^TM^ttfc»5r t#T*#ft</^ 

[0 12 6] ^fc N Jti&ffll 3i4 s *«ttX»fr±©l» 
Iffl^igcOiS §iS5n m*jftT?*> 9 . 1X10 
2 TJfi/mm 2 Tfe^T-fc 1 ?, io^W*i»«)±SP 2 5 % 
t*3»tSlWlBS6jE«)|a*a* 1 0 2 ^i/ram' 

*ix-cv^5©-c, ft&ft£*T»4M4&^5 r t is-et ft 

[0 12 7] 

40 *©ii«tttt^«*llt#»***iSiSK:, ¥^iB 

^5~5 0nm©aiS^10 ! ~10' Jl/mm 

Wi-r-Srt^ft, ft » ft «^ t tt t Sr 

[0 12 8] ^ro«StS5ftSftft:ii, 
|C X 0. 0 3-0. 1 5 Mm<A^ffittfi/.^£^DU 
«tt4fe**lt36 J J&J**HS*ffiK:i O' -10 5 m/ra 
m 2 (Dmm&ftMi- 5 r t It ± 9 , 7i-r#ttro3U{tSr 
50 '>ft< l, KIIS*9©Kit % -fft^*5--7 K(?5^ 
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[0129] :»lfE®Ifftt, #ast££iff* 

0-6. 0 Aimt U 3&®tfe&Jgj*flI»J?: 
££0. 01-0. 2Mmt-r5Ci(Cj:i9, ^{*WJ¥ 

[0 13 0] Sfc, C©«ft|B«aiflcf4» 2ft814£Jfft: 

T, ttM^j&Ofift^ 10 ! ~5 X 1 0 2 ^H/mm" 

<^t£Hrt i: Six, »S?ia^»fffi«w^?pwS'J-g-A5 o . 
i~0. 5%wtSHrtiSixT^-5«-g-ttt, ffiSff£ io 

[oi3i] "©^tee^fi, Ms^er^ 

U m-nra<75iSS*-|PlWEgglSr s t Lfct ttc, 3/ 
4 X s +m^-@X.5K^(D»^E(75j|aiSc^ 1 O 2 -5 
X10 ! ^fi/mm 2 Wtgfflrt-CfcS t i: 3/4 
X s +m£jg^5i«$C7)»^jg£3/4 X s +m(DM 

»J»«:^mOS $ TMJUWf Ufc»©»fBia[kl*r L 20 
T s 0. 1-0. 5%eDfi|-g-i sttT^-5*-g-icn s fB* 



[0 13 2] £<bic, ^©atftEfikiEfrtt, *Bttt^«r 
#©IK*lRl©-1rv^Sr 1 0 0 0 k g/mm 2 i L, i 
^©ty^wnookg/mm 1 t-rsrirl-i 

[0ffi<Dffii£ftl£fn 

[El 1 ] #HWt3a«*:o*iB©«Bl*jB©«tttS:RW-f 

■So 

[0 3] mmi^mmm^m-r^M^mmmm<Dm^ 

[04] 5-^^ hny^7 

i If^g, 4 7 ft, 2 o 

?^t-P^^lf, 2 6 ^^yF, 3 0 
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* , r (OiMtefil^fi- * 01 tt X «P f* «5 §t 5a tt & A M 91 /> 5 ^ AH £ ft 5 ± ffi , n 5 5 
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